Effects of buoyancy force stabilizing the disturbances are investigated on inhomogeneous flow where disturbances are dispersed from turbulent to non-turbulent flow field in the direction perpendicular to the gravity force. Attaching the fringe region excited by the artificial body force, spectral method is used for inhomogeneous flow stirred at the one side of the cuboid computational box. As a result, the layered structures, elongated in the streamwise direction, are generated in the different computational boxes.
INTRODUCTION
Density stratification has pivotal effects on turbulence in geophysical and engineering flows, and hence, many research studies have been investigated on stratified turbulence. Most previous studies, however, investigate the effects of stratification on the homogeneous turbulence. In contrast, the stratified effects on inhomogeneous turbulence is not well studied, despite geophysical and engineering application, e.g., dispersion of disturbances from chimney and localized turbulent patch in the stably stratified situation. In inhomogeneous turbulence, generation of the layered structure has been extensively studied, especially in the experiment of the uniformly stratified fluids stirred by the grids (1) . This may be because turbulence collapses under stable density stratification and following emergence of layered structure can be observed more clearly in inhomogeneous turbulence than in homogeneous turbulence.
However, further investigation is required to show the difference and similarity of layered structures between homogeneous and inhomogeneous stratified turbulence.
NUMERICAL METHODS
This study numerically investigates diffusion of disturbances injected from the inlet at the left side of the rectangular computational box with periodic boundary condition imposed in all directions. As shown in Fig.1(a) , injected disturbances are numerically generated in the fringe region at the right side of the computational region, where turbulence is artificially enhanced through the body force coined as fringe term. Through the periodic boundary condition imposed in the streamwise direction, thus generated turbulence in the fringe region is injected into the inlet at the left-hand side and diffused inside of the computational region (2) . Combined effects of mean temperature gradient imposed and gravitational acceleration g make the flow stable.
It is also noted in Fig. 1 (b) that the disturbed region is confined in the neighbourhood of the fringe region, while the other region is considered laminar, which indicates that flow is inhomogeneous until the entire computational region is covered by disturbances.
As the governing equations, incompressible stably stratified turbulence with mean temperature gradient is investigated. Buoyancy force is included by the Boussinesq approximation as indicated in the following; 
where Re=UL/n, a n d F r = U /(LN) are the Reynolds and Froude numbers, which are dependent on the reference length scale L and velocity scale U, respectively. In contrast, Pr and N included in Fr are the Prandtl number and buoyancy frequency, respectively, both of which are not dependent on the length and velocity scales; in this study, Pr is 0.71, while N is set to be 2, though in the oral presentation, the results of different N will be discussed. Also, ui and p are the i-th component of velocity vector and pressure, respectively. The last terms in the righthand side of the first and third equations force the disturbance to be the ideal inflow velocity vr and ideal temperature fluctuation qr in the fringe region, respectively. In this fringe term, l represents the step function which value is set to be unity inside the fringe region, while it is zero at the other region. In contrast, the ideal temperature fluctuation qr is assumed to be zero.
The ideal velocity vr is assumed to be random numbers, which energy spectrum is given as Computations are performed at the different computation boxes with different grid resolutions. In case N2F, computational box of 8pd, 8pd, 2pd is resolved by 512, 512, 128 grid points in the x, y, and z directions, respectively while in case N2C, the computational box of 16pd, 16pd 2pd is resolved by 512, 512, 64 grid points, in the x, y, and z directions respectively. Moreover, to check the effect of computational region in the vertical direction in case N2C, vertical side is set to be pd and pd/3 instead of 2pd, which cases are labelled as cases N2C-hbox and N2C-h3box, respectively. Spatially, spectral method is used and aliasing error is removed by truncation method, while the 2nd order Runge-Kutta method is used for time development. Figures 2(a) and (b) show the streamwise Reynolds stress u 2 averaged over horizontal direction; in Fig. 2(a) , time development of case N2F and N2C are compared, w h i l e i n F i g . 2 ( b ) a l l c a s e s o f d i f f e r e n t r e s o l u t i o n a r e compared at t= 2 0 . I n c o n t r a s t , F i g u r e 3 s h o w s t h e isosurfaces of streamwise velocity fluctuation u at t=20 in cases N2F and N2C. First, in Fig. 2(a) , it is noted that u 2 increases further away from the inlet with time. It is noted i n F i g . 2 ( b ) t h a t t h e r e s u l t s o f d i f f e r e n t c o m p u t a t i o n a l region are in good agreement with each other except in case N2-h3box where computational region is one third smaller in the vertical direction. To further check the effects of computational region and resolution, the isosurfaces of streamwise velocity are visualized at t=20 in Fig. 3 , where the typical layered structures reported in the previous experimental studies are clearly observed [1] . It is also noted t h a t t h e d i f f e r e n c e b e t w e e n c a s e s N 2 F a n d N 2 C i s negligible; in both cases, the layered structures are extended up to almost the same distance away from the left edge of the computational region.
RESULTS AND DISCUSSIONS
Although not shown here, when the buoyancy effect is not included, the layered structure is not generated. In contrast, when the buoyancy force is sufficiently large, the layered structure becomes independent of the strength of buoyancy force. Close look at the layers shows that they are sandwiched by negative temperature fluctuation (heavier fluids) above and positive temperature fluctuation (lighter fluids) below. The mechanism of generating the layered structure may be presented at the oral presentation.
CONCLUSIONS
Effects of buoyancy force stabilizing the disturbances are investigated on inhomogeneous flow where disturbances are dispersed from turbulent to non-turbulent flow field in the direction perpendicular to the gravity force. Attaching the fringe region excited by the artificial body force, spectral method is used for inhomogeneous flow stirred at the one side of the cuboid computational box.
First, it is found that results in different computational region and grid resolution are in good agreement with each other. Second, the disturbances injected at the inlet are horizontally diffused as the layered structures. 
